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TUNABLE MICROWAVE DEVICES 
INCORPORATING HIGH TEMPERATURE 
SUPERCONDUCTING AND FERROELECTRIC FILMS 

BACKGROUMD OF THE INVENTION 

1. Field of the Invention 

Ferroelectric films such as SrTiOg, PbiSr^TDO,, 
Sr,Ba^..Ti03, etc. provide a means for producing tuneable capacitors since the 
dielectric constant of the ferroelectric films is tuneable by variation of voltage 
applied to the ferroelectric films. Because .of their intrinsically low losses at high 
frequencies, these materials can be implemented in a variety of microwave 
components, including delay lines and phase shifters. 

One of the principle applications of delay lines and phase shifters is 
for phased array antennas. The voltage-controlled ferroelectric film modulates the 
dielectric constant and hence the time delay of either microstrip or coplanar delay 
lines. Such phase shifters or tuneable delay lines can be used to phase delay 
microwave and millimeter wave signals either transmitted or received from the 
individual radiative elements of the antenna array. 

Such tuneable ferroelectric films can be used in a large family of 
tuneable microwave components and devices such as phase shifters, matching 
networks, oscillators, filters, resonators, loop antennas, superconducting film 
elements, etc. 

Jf^ The invention in general relates to devices which are tuned utilizing the fact 

that the dielectric constant of a material varies wrth voltage or some other 
parameter, and more partfculariy to such devices that utilize barium strontium 
titanate as the tuneable dielectric constant material. 
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2- Description of the Prior Art 

Ferroelectric phase shifters are disclosed in "Ceramic Phase Shifters 
for Electronically Steerable Antenna Systems", Varadan* et at.. Microwave 
Journal, January 1992, pp. 116-126. 

The use of superconductors for microwave frequency transmission is 
disclosed in "High-Temperature Superconductivity for EW" Ryan, P.A., Journal of 
Electronic Defense, August 1992. pp. 48-54. 

The dielectric properties of thin films of SrTiOa used as dielectric 
layers in superconducting field effect (FET) like devices is disclosed In "Dielectric 
properties of SrTiO, thin films used in high T^ superconducting field-effect 
devices", Walkenhourst, A., et al. Appl. Rhys. Lett. 60(14), 6 April 1992, pp. 
1744-1746. 

A superconductor phase shifter using SQUIDS Is disclosed in 
"Monolithic HTS Microwave Phase Shifter and Other Devices", Jackson, CM., et 
al. Journal of Superconducth/ity, Vol. 5 No. 4, 1992, pp. 419-424. 

The use of superconductive feed networks and antenna elements of 
antenna arrays is disclosed in "A Survey of Possible Passive Antenna Applications 
of High-Temperature Superconductors", Dinger, R.J., et aL IEEE Transactions on 
Microwave Theory and Techniques, Vol. 39, No. 9, September, 1991. 

A thin superconducting film antenna is disclosed in "Radiation 
Efficiency Measurements of a Thin-Film Y-Ba-Cu-O Superconducting Half-Loop ^ 
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Antenna at 500 MHZ". Dinger. R.J.. at al. Paper Presented at MTT-S. Boston. 

June, 1991. PP. 1-4. 

The dielectric properties of BST material thin films are disclosed in 
-Mlcrostructure^nduced Schottky Barrier Effects". In Barium Strontium Tltanate 
(BST) Thin Films for 16 and 64 MBIT Dram Cells. Scott. J.F.. et al.. circa 1992. 

It is known that dielectric films In wWch the dielectric constant of the film is 
tuneable by varying the voltage applied to the film provide a means for producing 
tuneable capacitors which can be used in a variety of microwave components, 
including delay lines, phase shifters, and phased array antennas. In delay lines a 
voltage applied to the dielectric material modulates the dielectric constant and 
hence the time of transit or delay, of an electrical signal passing through the 
material. Delay lines are commonly fabricated as microstrip or coplanar devices. If 
the time delay is used to shift the phase of a signal, then the device is called a 
phase shifter. Such phase shifters or tuneable delay lines can be used to phase 
delay microwave and millimeter wave signals either transmitted or received from 
individual radiative elements of an antenna an-ay to create a phased array antenna. 
Because of their intrinsically low losses at high frequencies, fent)electric materials, 
which generally are also materials in which the dielectric constant is tuneable, are 
particularly useful in such devices. Such tuneable fenoelectric films can be used In 
a large family of tuneable microwave components and devices including the delay 
lines, phase shifters, and phased antenna arrays mentioned above as well as 
matching networi<s, oscillators, filters, resonators, loop antennas, and many other 
devices. 

Ferroelectric phase shifters, and in particular barium strontium tltanate (BST) 
phase shifters which utilize the change In dielectric constant with a biasing field to 
generate the phase shift, are disclosed In "Ceramic Phase Shifters for Electronically 
Steerable Antenna Systems". Varadan. V.K.. et al.. MicrowavB Journal, January 
1992. pp. 1-\e-126. However, the dielectric constant changes and phase shifts are 



wo 94/13028 



PCTAJS93/11780 



SO small that only bulk devices are feasible. 

A high temperature superconductor/ferroelectric phase shifter utilizing the 
change of the dielectric constant with electric field to vary the phase shift is 
disclosed in "A High Temperature Superconductor Phase Shifter", Jackson, CM., 
et al. Microwave Journal, Vol. 5 No. 4, December 1992, pp. 72-78. In particular 
SrxBa,.^n03 is mentioned as a responsive material for such phase shifters. Such 
use of SrBaTiOg in a voltage controlled dielectric constant tuneable phase shift 
device is also mentioned in "Novel Monolithic Phase Shifter Combining 
Ferroeleclrics and High Temperature Superconductors", Jackson, Charies M., et al., 
Microwave and OpUcal Technology Letters. However in both articles, only modest 
phase shifts of about 10% are disclosed for bulk devices. If these devices were 
scaled down to microwave Integrated circuit (MIC) size, which devices must be 
made with tWn films, the surface effects of the thin fflms woukJ predominate and the 
tuneability would become too smaU to be pracBcaiiy useful. Since MIC devices over 
many advantages including reliability and tow cost, it would be highly desirable to 
have a dielectric material that provides useful tuneability in su^ devices. 

The dielectric properties of barium strontium titanate (BST) material thin films 
are disclosed in "Microstructure-lnduced Schottky Barrier Effects", in Barium 
Strontium Titanate (BST) Thin Rims for 16 and 64 MBit Dram Cells, Scott, J.F., et 
al., circa 1992. 

The prior art tuneable microwave and millimeter wave devk:es have ail 
involved compnamises between the degree of change of the dielectric constant, 
los^ess. and other parameters. 7?ie dielectric material should have a high degree 
of change in the dielectric constant to permit maximum tuneabllily of the device. TTie 
lossiness should be low since ottienvise the power use of the devk»s is excessive. 
Thus it would be a significant advance to have tuneatile microwave and millimeter 
wave devices that have both a large degree of tuneability and tow lossiness. 
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SUMMARY OF THE INVENTlOiM 
The present invention relates to the use of ferroelectric insulating thin 
films as dielectric layers in superconducting thin film structures for fabrication of 
microwave and millimeter wave devices which are frequency*tuneable. More 
particularly, metal oxide ferroelectric and superconducting thin films are used in 
combination to produce an entire new dass of microwave and millimeter wave 
devices which can be frequency-tuned by the application of voltage bias signals 
across various portions of the ferroelectric thin films, in such structures, because 
of the low loss performance of superconductors at high frequency, the microwave 
and millimeter wave performance of the devices are limited mostly by the loss 
tangent of the ferroelectric dielectric layers. The fundamental materials 
compatabllity of a whole class of metal oxide superconductors with a whole class 
of metal oxide ferroelectric materials provides a thin film material system with 
unique flexibility for designing and fabricating a multiplicity of multilayer 
geometries, including ferroelectric on superconductor structures and 
superconductor on ferroelectric structures. 

The invention is especially useful for producing microwave and 
millimeter wave devices which have the extreme low loss performance of other 
superconducting devices, but also have the necessary frequency tuneablllty 
required for most practical applications. By this invention, it is possible to realize 
numerous microwave and millimeter wave devices, including, but not limited to, 
delay lines, phase shifters, resonators, oscillators, filters, electrically-small 
antennas, half-loop antennas, directional couplers, patch antennas, and various 
radiative gratings, which are frequency-tuneable by utilizing voltage-tuneable 
capacitor structures fabricated from voitage-biased ferroelectric thin films in 
combination with superconducting thin films. 
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The invention relates to the utilization of both thin films of high 
temperature superconductor (HTSC) material and thin films of ferroelectric 
materials for achieving tuneabillty in a variety of microwave structures. 

Ferroelectric films such a SrTiOa, Pb(Sr,Ti)03, 
Sr.BavxTiOa, etc. provide a means for producing tuneable capacitor structures at 
microwave frequencies since the dielectric constant of the ferroelectric films is 
tuneable by variation of voltage applied to the ferroelectric films. In accordance 
with the invention, a thin film of ferroelectric material is provided with a thin film 
(or films) of a high temperature superconductor (HTSC) such as Y-Ba-Cu-O (YBCO) 
or Tl-Ba-Ca-Cu-O (TBCCO) in order to produce low loss microwave and millimeter 
wave devices which are frequency tuneable by application of voltage to the thin 
films of ferroelectric material. The thin film structures of HTSC material and 
. ferroelectric material which are deposited on a substrate result in reduced losses, 
limited only by the loss tangent of the ferroelectric material and the impedance 
matching structures. The combination of HTSC thin films and ferroelectric thin 
films can be used in a large family of tuneable microwave components and devices 
such as phase shifter devices which offer a method for obtaining true-time delay, 
superconducting phase shifters, tuneable delay lines, resonators, filters, matching 
networks, oscillators and tuneable antennas. 

The combination of a HTSC thin film and ferroelectric thin films offers 
a novel class of microwave devices with unique properties including a substantial 
frequency tunability, simple construction, the potential for optimization of 
temperature operation ranges, the ability to use variably thin dielectrics, low cost, 
high level of integration with other components such as antennas and the 
increased power handling of the circuit. The extent of the tunability of the 
structures depends upon the ferroelectric material, its form and geometry, (e.g., 
film thickness), the temperature, and the aoolied fields or voltage. 
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Compatibility of YBCO, TBCCO and other superconductors and a broad class of 
ferroelectric materials enables the optimization of ferroelectric materials and 
superconducting materials and the growth of alternating layers of each by a variety 
of deposition methods including evaporation, sol gel* sputtering physical vapor 
deposition, chemical vapor deposition, laser deposition and others. The 
combination of HTSC thin films and ferroelectric films provides a novel class of 
tuneable microwave and millimeter wave devices. 

One of the principle applications of the invention comprises phase 
shifters and tuneable delay lines for phased array antennas. The voltage-controlled 
ferroelectric thin film modulates the dielectric constant and hence the time delay, 
of either microstrip line or coplanar delay lines. Such phase shifters or tuneable 
delay lines can be used to phase delay microwave and millimeter wave signals 
either transmitted or received from the individual radiative elements of the antenna 
array. Other applications of the class of tuneable microwave and millimeter wave 
devices Include resonators, filters, matching networks, oscillators, directional 
couplers and tuneable antennas. 

The invention also includes the utilization of a dielectric grating for an 
individual radiative element in a phased antenna array. Such a grating (with fixed 
delay between each adjacent element) radiates (or receives) energy at a fixed 
angle. The angle can be adjusted by biasing the dielectric grating with a single bias 
voltage. Such a voltage-controlled grating enables steering (in one direction) with 
the application of a single DC-bias line. 

The invention of the dielectric grating can be extended to two- 
dimensional arrays, with steering in both the x- and y- directions. A simple two- 
dimensional array of such gratings with a fixed spacing between each grating 



wo 94/13028 



PCT/US93/11780 



"patch" antenna provides a similar fixed radiation angle in the second direction. 
A second, single voltage bias line modulates the dielectric constant and hence the 
time delay between each grating structure in the array. 

The invention also includes several capacitively coupled devices, 
including a tuneable superconducting resonator with substantial tunabiiity, a 
superconducting fringe-effect capacitor with substantial tunabiiity, and application 
of the tuneable devices to a broad range of resonant devices, including tuneable 
loop antennas. 

TTie present invention solves the above protHem by providing tuneable 
microwave and millimeter wave devices that utilize barium strontium titanate (BST^ 
as the tuneable dielectric constant material. Preferably the (BST) has the formula 
Ba^Sr^^TIOa. Preferably. 0.01 s x < 0.2. As is knavm in the art, the BST formula can 
also be written SryBa^^TiOg. 

It has been discovered that BST, espedaily BST In which the amount of 
barium is small as compared to the amount of strontium, has extremely high 
tuneabrity in microwave and millimeter wave devices. It has been found that the 
dielectric constant of BST with small amounts of barium as compared to strontium 
varies typically about 300% and. In some cases, as much as 600% with changes 
in voltage from zero volts to 25 volts (25 kilovolts/cm). which voltage range is well 
within the operating voltage range of typical tuneable microwave and millimeter 
wave devices. Such high variablPity of the dielectric constant pemiits tuneable 
devices to be fabricated in which the dielectric portions of the circuits are extremely 
thin, thereby minimizing loss. Since loss in the dielectric portion is minimized, the 
conductor portion may utilize conventional conductors and stall have toss factors 
that are of the order of the loss factors of devices fabricated with superconductors 
and conventional dielectric materials. 

Preferably the BST microwave and millimeter wave devices are designed to 
operate at temperatures of between 50 K and 110 K. The BST has been found to 
have maximum tuneability in this temperature range. 
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It further has been found that by varying the relative amounts of barium and 
strontium within the range 0.01 5 x < 0.2, the tuneabiPity of the devices can be 
varied over a wide range. Generally, as the amount of strontium is increased, the 
peak tuneability shifts to higher temperatures. Thus by varying the relative amounts 
of barium and strontium in the dielectric portion of the devices, devices with different 
responses over the same voltage range may be constructed. 

In another aspect, the invention provides a tuneable electrical device 
comprising: a dielectric material; means for maintaining the dielectric material at a 
temperature between 67 K and 110 K; signal input means for inputting an electrical 
signal to the dielectric material; and electrical bias means for applying an electrical 
field to the dielectric material to determine the dielectric constant of the material and 
tune the electrical signal. 

In a further aspect, the invention provides a tuneatiie electrical device 

. comprising: a thin film of a dielectric material having a dielectric constant that varies 
with the electric field applied to the material; signal input means for inputting an 

electrical signal to the dielectric material; and electrical bias means for applying an 

electrical field to the dielectric material to determine the dielectric constant of the 

material and tune the electrical signal. 

The invention thus, for the first time, provides a tuneable electrical device in 

which thin film devices have sufficient tuneability for practical applications. 

Numerous other features, objects and advantages of the invention will become 

apparent from the following description when read in conjunction with the 

accompanying drawings. 



« 
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BRIEF DESCRIPTION QF THE DRAWiNGS 

FIG. 1 is a plan view of a specific embodiment of the invention, a 
tuneable delay line, showing a microstrip line of HTSC material deposited on a tnin 

film (substrate) of ferroelectric material, all deposited on a crystalline substrate; 

FIG. 2 is a schematic representation of the tuneable 

superconductor/ferroelectric thin film device of the invention; 

FIG. 3 is a plot of the Magnetic Flux Screening - Temperature 

characteristic for a multilayer superconductor/ferroelectric thin film structure of the 

invention after deposition as measured by a mutual inductance technique; 

FIG. 4 is a plot of insertion Loss vs. Frequency at 77 K for the 

tuneable resonator of the invention; 

FIG. 5 is a fragmentary vertical section view of a thin film of HTSC 

material contiguous with the opposite surface of a film of ferroelectric material; 

FIG. 6 is a schematic representation of the phase shifter of the 

invention in a phased array antenna system; 

FIG. 7 is a fragmentary vertical section view of a dielectric grating in 

accordance with the invention for an individual radiative element in an antenna 

array; 

FIG. 8 is a schematic representation of a two-dimensional array of 
dielectric gratings in accordance with the invention for an antenna array; 

FIG. 9 is a perspective view of a coplanar structure of the invention 
formed on a LaAlO, substrate; 

FIG. 10 is a perspective view of a resonant cavity formed by coplanar 
cavities in accordance with the invention; 

FIG. 11 is a schematic representation of a capacitively coupled 
microstrip line resonator with a tuneable ferroelectric capacitor and a capacitively 
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coupled microstrip line resonator without tunabiilty; 

FIG. 12 is a plan view of a superconducting fringe effect capacitor In 
accordance with the invention; and 

FIG. 13 is an elevation view of the capacitor of FIG. 12. 

FIG. 14 is a cross sectional view of a specific multilayer structure of 
the invention, with a HTSC layer on top of a ferroelectric layer. 

FIG. 1 5 is a cross sectional view of a more general multilayer structure 
of the invention, with a HTSC layer on top of a ferroelectric layer on top of a 
substrate. 

FIG. 16 is a cross sectional view of a specific structure of the 
invention, in which a HTSC layer is deposited directly on a ferroelecuic substrate. 

RG. 17 is a cross sectional view of a specific multilayer structure of 
the invention, with a ferroelectric layer deposited on top of a patterned HTSC layer 
(deposited on a substrate) with the ferroelectric layer also filling in the etched 
regions of the HTSC layer. 

FIG. 18 is a cross section view of a specific structure of the invention 
in which a ferroelectric layer and HTSC layer lie in the same plane, with the HTSC- 
ferroelectric interface of the invention being at the edges of the films. 

FIG. 19 is a cross sectional view of a general multilayer structure of 
the invention with various combinations of HTSC and ferroelectric layers on a bulk 
crystalline dielectric, insulating, or ferroelectric substrate. 

FIG. 20 is a fragmentary vertical section view of coplanar thin films 
of HTSC material contiguous with one surface of a thin film of ferroelectric material 
and a thin film of HTSC material contiguous with the othe.c wrface of the thin film 

of ferroelectric material. 

11 
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FIG. 21 is a plan view of an interdigitated capacitor of the invention; 

FIG. 22 is a fragmentary vertical section view of the interdigitated 
capacitor of FIG. 21; 

FIG. 23 is a plan view of a half^loop antenna of the invention; 

FIG. 24 is a schematic representation of the resonant circuit of the 
antenna of FIG. 21. 

FIG. 25 is a cross sectional view of a BST delay/shift element 
according to the invention showing the application of a bias filed to the element; 

FIG. 26 is a block diagram of a microwave/millimeter wave delay/shift 
device utiliuing the delay/shift element of FIG 25; 

FIG. 27 is a cross-sectional illustration of a microwave/millimeter wave 
delay/shift device utilizing a delay/shift element according to the Invention; 

FIG. 28 is a perspective view of a portion of a microstrip transmission 
line embodiment of a delay/shift element according to the invention; 

FIG. 29 is a schematic diagram of an artificial trasmission line utilizing 
a lumped capacitance delay /shift element according to the invention; 

FIG. 30 is an illustration of a capacitor device used in obtaining bulk 
capacitance change data for BST samples; 

FIG. 31 is an illustration of a capacitor device used in obtaining thin 
film capacitance change data for BST samples; 

FIG. 32 is an illustration of a coplanar waveguide phase shifter 
element according to the invention; 

FIG. 33 is a cross-sectional view of the phase shifter of FIG. 32 taken 
through the line 9-9 in FIG. 8; 
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FIG. 34 shows capacitance versus temperature curves for five electric 
field strenghts for a BaO.09 Sr0.91 TI03 capacitor as shown in FIG. 30;. 

FIG . 35 shows capacitance versus temperature curves for five electric 
field strengths for a Ba0.09 Sr0.91 Ti03 capacitor as shown in Fig. 30; 

FIG. 36 shows capacitance versus temperature curves for six electric 
filed strengths for a BaO.08 SrO.92 Ti03 thin film capacitor as shown in FIG. 31; 

FIG. 37 shows capacitance versus temperature curves for four electric 
field strengths for a BaO.08 SrO.92 7103 thin capacitor as shown in FIG. 31 , which 
capacitor is smaller than the capacitor used in obtaining the curves of FIG. 36, and 
also shows a single point on the capacitance/temperature curve for three other 
electric field strengths; 

FIG. 38 shows loss tangent versus temperature curves for the same 
capacitor and electric field strengths used in obtaining the curves of FIG. 36;and 

FIG. 39 shows the measured change of phase angle and effective 
dielectric constant versus electric field strength for the phase shifter of FIGS. 32 
and 33. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Discoveries of high temperature superconducting (HTSC) materials 
such as the 30-K La-Ba-Cu-O superconductor and the 90-K Y-Ba-Cu-O 
superconductor have stimulated a worldwide race for higher temperature 
superconductors. Breakthroughs have been made by the discoveries of the 90-K 
Tl-Ba-Cu-O system, the 1 1 0-K Bi-Ca-Sr-Cu-O system, and the 1 20-K Tl-Ba-Ca-Cu-O 
(TBCCO) system. The Y-Ba-Cu-0 system is the first rare earth system which 
reaches zero resistance above the liquid nitrogen boiling point while the TI>Ba-Ca- 
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Cu-0 system reaches zero resistance above 100K and has the highest zero- 
resistance temperature (127K). 

A number of superconducting phases, including Tl2Ba2Ca2Cu30io.»-x 
(2223) and TIsBasCa^CujOa^. (2212) have been isolated from the Tl-Ba-Ca-Cu-O 
system. The 2223 superconductor has a 3.85 x 3.85 x 36.25 A tetragonal unit 
cell. The 2122 superconductor has a 3.85 x 3.85 x 29.55 A tetragonal unit cell. 
The 2223 phase is related to 2122 by addition of extra calcium and copper layers, 
in addition, the superconducting phase in the Ca-free Tl-Ba-Cu-O system is 
TIjBajCuOe^, (2201). 

The new class of tuneable microwave devices of the invention 
combines the low loss of a high temperature superconductive (HTSC) material 
(such as Tl-Ba-Ca-Cu-O and Y-Ba-Cu-O) In a thin film with the variable dielectric 
properties of a thin film of ferroelectric material. 

Ferroelectric thin films such a SrTiOa, Pb(Sr,Ti)03, 
Sr.Ba,., TiOa, etc. provide a means for producing low-loss tuneable capacitor 
structures at microwave and millimeter wave frequencies since the dielectric 
constant of the ferroelectric thin films is tuneable by variation of voltage applied 
to the films. A thin film of ferroelectric material is provided with a thin film of a 
high temperature superconductor (HTSC) material such as Y-Ba-Cu-O or Tl-Ba-Ca- 
Cu-O. The HTSC thin film results in a multilayer structure with reduced losses, 
limited only by the loss tangent of the ferroelectric material and the impedance 
matching structures. The combination of HTSC thin films and ferroelectric films 
can be used in a large family of tuneable microwave components and devices such 
as phase shifter devices which offer a method for obtaining true*time delays in 
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tuneable delay lines, tuneable filters, matching networks, oscillators, loop 
antennas, directional couplers, resonators, etc. 

The thin film of ferroelectric material, e.g., SrTiOa and various barium 
doped strontium titanate materials provide an excellent substrate for the deposition 
of an HTSC material such as YBaxCuaO,^ (YBCO) or Tl-Ba-Ca-Cu-O (TBCCO). 
SrTiOs, and Its relatives, have a perovskite crystal structure with an excellent 
lattice match and thermal expansion coefficient close to that of YBCO, TI*Ba-Ca- 
Cu-O, and other thallium copper oxide superconductors. In general other 
substrates can also be used, such as lanthanum aluminate, etc. 

The combination of HTSC thin films and ferroelectric thin films offers 
a novel class of tuneable microwave and millimeter wave devices with unique 
properties including a substantial frequency tuneability, simple construction, the 
potential for optimization of temperature operation ranges, the ability to use 
variably thin dielectrics, low cost, high level of integration with other components 
such as antennas, and the power handling of the circuit. The extent of the 
tuneability of the structures depends on the materials, their forms and geometries 
(e.g. film thickness), the temperature, and the applied voltage. 

High quality SrTiOa, BaSrTiOs, LaAlO,' and other dielectric thin films 
can be deposited on HTSC thin films (e.g., YBCO or Tl-Ba-Ca-Cu-O) films by sol- 
gel, plasma-spray, sputtering, physical vapor deposition, chemical vapordeposition, 
laser deposition, and other techniques. Superconducting properties of the HTSC 
layer depend on the compatabllity with the ferroelectric thin film and vice-versa, 
as well as on processing conditions. In practical circuits, a fixed temperature of 
operation is required to provide good impedance matching. Broadband, compact, 
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low loss, thin-film, superconducting matching circuits are available. A thin film 
multilayer implementation of the class of tuneable superconducting/ferroelectric 
structures of the invention has the added benefit that monolithic devices and 
integrated circuits can be designed. 

As shown in FIG. 1 , a tuneable delay line 20 is formed by a patterned 
microstrip line 21 of a thin film of HTSC material, for example YBCO material, 
deposited on a thin film 22 of ferroelectric material which is deposited on ground 
plane 23. In turn ground plane 23 is deposited on a crystalline substrate such as 
SrTiOa. the ferroelectric thin film 22 can be, for example, from 100 A to 10000 
A thickness. By applying a voltage between the superconductor or microstrip line 
21 and a ground plane 23, a DC bias is provided to the ferroelectric layer, thereby 
changing the dielectric constant and the wave propagation velocity within the 
layer. Note that both the microstrip line and the ground plane can be made from 
HTSC material. 

The microstrip line or pattern 21 of a YBCO thin film is deposited on 
the SrTiOa thin film substrate 23 by using sol-gel, chemical vapor deposition, 
physical vapor deposition, sputtering, laser deposition, or other techniques. Sol-gel 
deposition and chemical vapor deposition of superconducting thin films and 
ferroelectric thin films is disclosed in U.S. Patent Nos. 5,1 19,760 and 5,138,520, 
assigned to Symetrix Corporation of Colorado Springs, Colorado. 

FIG. 2 shows a schematic representation of the tuneable delay line 20 
including the microstrip line or thin film of the (HTSC) YBCO material 21 . A normal 
metal (e.g. silver) or HTSC material ground plane 23 is deposited on the rear 
surface 22a of substrate or film 22. Variable voltage source 25 enables a variable 
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voltage to be applied as an electric field to the ferroelectric layer 22 by means of 
microstrip line 21 and ground plane 23. 

SrTiOs belongs to the BaTiOa group in the classification of ferroelectric 
materials. BaTiO, is a well known ferroelectric material and its phase transition 
from cubic to tetragonal, where a small displacement of Ti in the tetragonal phase 
under the external electric field. Is responsible for ferroelectricity . SrTiOs has three 
crystalline phase transitions at lower temperatures (see Table 1). 



Table 1 

LOW TEMPERATURE PHASE TRANSITION OF SrTiO^ 



TEMPERATURE(K) STABLE PHASE PH YSICAL CONSTANT 

>110 cubic a = 3.902A 

65-110 tetragonal c/a = 1.00056 

35-65 orthorhombic a:b:c = 



0.9998 : 1 : 1.0002 



<10 Possibly 

rhombohedral 



Other ferroelectric materials which can be used for thin film 22 include 
BaTlOg, LiNbOa, PbCSrTDOg, Sr.Ba^.^TIOg. etc. Other materials from the lll-V, and 
ll-VI groups could be used with other buffer layers to solve any lattice matching 
problems which arise should epitaxial deposition be required. 

The extent of tuneability of the tuneable delay line 20 depends upon 
the ferroelectric material, the temperature, and the applied field or voltage. 

An advantage of the superconductor/ferroelectric tuneable delay line 
20 of the Invention is its power handling capability. Distortion can arise in a non- 
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linear transmission line when the RF voltages become comparable to the DC control 
voltages. The power handling of a microstrip line can be estimated from the 
minimum bias voltage to be used. Power is given by P = V^/Z. Accordingly, for a 
5 volt bias and a 1 ohm impedance, 25 watts (i.e. >40 dBm) could be handled 
before the non-linearities become apparent. The level of high power will set the 
microstrip line width requirement to insure that the critical current carrying capacity 
of the line is not exceeded. 

RG. 3 shows changes in resistance with changes of temperature of 
the multilayer superconductor/ferroelectric thin film structure of the invention after 
deposition. 

RG. 4 shows the change in insertion loss plotted against frequency 
at 77K for the tuneable resonator of the invention. 

FIG. 5 shows a microstrip line 31 of HTSC material in section. As 
shown in FIG. 5, the thin film of the HTSC material 32 of microstrip line 31 is 
deposited upon thin film 34 of the ferroelectric material. Thin film 34 of 
ferroelectric material is contiguous with thin film 33 of HTSC material. Crystalline 
substrate 35 supports thin films 33, 34 and 32. 

Where size, weight, and drive mechanisms are limited, the traditional 
moving reflector antenna is being replaced in some applications by phased array 
antennas. Generally planar in shape, conventional phased array antennas are 
formed by a substantial number of closely spaced, individual radiators, whose 
composite beam can be shaped and spacially directed in microseconds, thereby 
enabling the antenna to track a multitude of targets at one time. This is 
accomplished electronically by RF phase shifters associated with each individual 
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radiating element. No moving parts are required. 

State of the art passive phased array antennas are limited in their 
application by cost, more than any other factor. The required phase shifters are 
not cheap and with a typical array requiring thousands of individual antenna 
elements, each with its own phase shifter, the price of the total system becomes 
prohibitive. 

The principal difficulty of such phased arrays is that for large arrays, 
i.e. antenna arrays with a large number of radiative elements, the need to control 
each individual time delay to each radiative element requires that each individual 
phase shifter be independently voltage-biased. Arrays as large as 100x100 
radiative elements necessarily require 1 0,000 independently-controlled bias voltage 
lines, which can be prohibitive in complexity and cost. 

The ferroelectric phase shifter design is based upon a material whose 
dielectric permittivity can be made to vary by application of a DC electric field, 
parallel to the polarization of the RF energy, and normal to its direction of 
propagation. Variations in permittivity alter the RF propagation velocity, and if 
connected to a waveguide structure, will change the cutoff wavelength and 
dispersion of the waveguide itself. These two effects translate into propagation 
phase variation. A short waveguide section containing a phase shifter of 
ferroelectric material and HTSC material constitutes the key element for 
accomplishing electronic scanning in a phased array antenna configuration. 

A typical application of the thin film HTSC material and ferroelectric 
thin film technology of the invention is for phase shifters for phased array 
antennas. The voltage-controlled ferroelectric thin film can be used to modulate 
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the dielectric constant, and hence the time delay, of either microstrip line or 
coplanar delay lines. Such phase shifters or tuneable delay lines can be used to 
phase delay microwave and millimeter wavelength signals either transmitted or 
received from the individual radiative elements of the antenna array. 

As shown in FIG. 6, the phased array antenna 40 of the invention 
includes a plurality of radiators 41. The antenna input 42 from a source of a 
electromagnetic radiation such as that at a microwave frequency is provided with 
a power distribution network 43. The distribution network connects the antenna 
input to each of a plurality of phase shifters 44 in accordance with the invention. 
The thin superconducting film of each of phase shifters 44 is connected by leads 
45 to control circuit 46. The control circuit is driven by programmer 47 to control 
the voltage applied by the thin superconductor film to the ferroelectric film of each 
of the phase shifters 44. Thus, the dielectric permittivity of the ferroelectric thin 
film of each of phase shifters 44 can be varied by the application thereto of a 
variable DC electric field. The DC electric field is applied normal to the direction 
of propagation of the RF energy and parallel to the polarization of the RF energy 
being transmitted through the phase shifter to the radiators 41 of phased array 
antenna 40. Variations in permittivity of the ferroelectric thin film material alter the 
RF propagation velocity and can change the cutoff wavelength and dispersion of 
the RF energy being delivered to the radiators 41 of the antenna. As a result there 
is a variation in the propagation phase of one radiator with respect to another. 
Thus programmer 47 by means of control circuit 46 can effect electronic scanning 
of the phase shifters 44 connected to the radiators 41 of antenna 40 and thereby 
enable the beam produced by antenna 40 to be shaped into a predetermined form 
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and to be directed in microseconds. In this way the RF energy radiated by the 
antenna can tracic a multitude of targets at one time. 

Another embodiment of the invention as shown in FIG. 7 comprises 
a dielectric grating 50 for an individual radiative element in an antenna array. The 
grating comprises a base portion 50a and a plurality of elements 50b projecting 
from base portion 50a and spaced apart from one another. Grating 50 which is 
formed, for example, of a thin film of ferroelectric material with a fixed time delay 
determined by the spacing between each adjacent element 50b intrinsically radiates 
(or receives) RF energy at a fixed angle 9. The angle 9 is adjusted by biasing the 
dielectric grating SO with a bias voltage from variable bias voltage source 51. 
Such a voltage-controlled grating enables changing or steering (in one plane) of the 
radiation angle B with the application of a variable bias voltage from the source 51 
to the grating 50 by lead 52. 

In FIG. 8 there is shown a two-dimensional array antenna with 
steering of the radiation angle 9 in both the x and y planes. A two-dimensional 
array 53 of gratings 54 is shown in FIG. 8. A fixed spacing between each grating 
"patch" antenna element 55 formed by a grating 50 as shown in FIG. 7 provides 
a similar radiation angle in the second plane. Voltage bias lines 56 and 57 
connected to arrays 58 and 59, respectively, modulate the dielectric constant of 
the gratings and thereby the time delay between each antenna element 55 in the 
arrays 50 and 59 which malce up antenna 53. 

The thin film superconductor/ferroelectric technology of the invention 
can also be used with: 

(1) Tuneable cavities and resonators; 
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(2) Tuneable frequency and wavelength filters; 

(3) Ferrite thin film isolators; 

(4) Directional coupler switches; 

(5) Phase shift feeder networks for patch 
antennas; 

(6) Coplanar lines with variable Impedance using voltage- 
tuned meander lines as the center conductor of the 
coplanar line; 

(7) tuneable resonant antennas; 

(8) tuneable electrically small antennas; and 

(9) Tuneable, one-dimensional confocal resonators which 
can provide higher Q. 

A coplanar structure 60 in accordance with the invention is shown in 
FIG. 9. Structure 60 includes ferroelectric film 61 overlying LaAlOg substrate 62. 
Thin films 63 of HTSC (e.g., YBCO or TBCCO) material are deposited on film 61 
of ferroelectric dielectric material such as barium strontum titanate (BST) material, 
the lower surface of which is contiguous with the upper surface of the substrate 
of a LaAIOsiLAO) material. 

FIG. 10 shows a structure 15 having a center section 66 of YBCO 
material forming a half wave-length resonator with coplanar lines 66 and 67 which 
are disposed between coplanar lines 68 and 69. The lines 66-69 are deposited on 
a dielectric film 70 of BST material. Changes in the thickness of the substrate 71 
which, for example, can be La AlOa material, modify the effective dielectric constant 
of film 70 of BST material and the percentage change of this dielectric constant 
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with the variable voltage applied to dielectric film 71 by voltage source 72. 

FIG. 1 1 shows an capacitively coupled microstrip resonator 80. The 
dimensions shown on FIG. 1 1 are by way of example. The resonator includes 
microstrips 81 and 82 of superconductor (HTSC) material. Strip 83 of thin film 
ferroelectric material extends over gap 84 between strips 81 and 82. Strips 85 
and 86 of HTSC material are connected by leads 87 and 88, respectively, to strips 
81 and 82, respectively. If the resonator 80 of nG. 11, by way of example, is 
deposited on 17 mils of LaAIOaiLAO) material with €, = 24.5, then the effective 
dielectric constant, e^is « 20. 

Inductively coupled resonator 90 in FIG. 11 having no tunability 
includes strip 91 of HTSC material connected by leads 92 and 93 to strips 94 and 
95 of HTSC material, respectively. If the untuneable resonator 90 is approximated 
as a section of transmission line comprising two parallel spaced conductors with 
open ends, then its resonant frequencies is: 

f „ = c n where, for example, = 9mm, n = 1,2,3 ... 

This gives f - 3.7 GHz, 7.4 GHz, 11.2 GHz, etc. 

The ferroelectric series capacitor 84 in the tuneable resonator 80 will 
affect those resonant modes with large currents in the region of the ferroelectric 
capacitor. These are the antisymmetric resonant modes, i.e., modes with odd "n" 
in the above equation. Transmission line analysis yields a transcendental equation 
for the increased resonant frequencies of these modes: 

-_1 = _3_ 
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tan K 

2 2 

where 

C = capacitance 
Zq = characteristic impendance = 7 
» effective length of the resonator 
(open end to open end length) 
k = 2j7fc for TEM mode, 

where 

c is the speed of light and 

f is the frequency of the resonant mode. 

It is estimated that the capacitance is C — 1 pF. This gives a 
resonant frequency spectrum of: 

6.7 GHz, 7.4 GHz, 13.43 GHz, . . . 
Under a DC bias, the 6.7 Ghz, 13.43 Ghz, ... modes will increase in frequency due 
to the voltage tuneable dielectric constant change. 

In FIGS. 12 and 13 there is shown a superconducting fringe effect 
capacitor 100 comprising a thin film of ferroelectric material 101 disposed on a 
substrate 101a. Thin films 102 and 103 of HTSC material are deposited on 
ferroelectric thin film 101. Pads 104 and 105 are connected by leads 106 and 
107, respectively, to thin films 102 and 103, respectively. Variable voltage source 
106 is connected by lead 107 and 108 to pads 104 and 105, respectively, and 
thereby across thin films 102 and 103. The thin film of ferroelectric material 101 
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has a fringe effect capacitance region 109 disposed between thin films 102 and 
103 of HTSC material. By applying a variable voltage across the thin films 102 
and 103, the dielectric constant of the ferroelectric material 101 can be tuned. 

As shown in FIG. 14, a HTSC layer A1 is deposited on a ferroelectric 
layer A2, and the HTSC layer can be subsequently patterned to produce a variety 
of structures A3, in this geometry, the HTSC/ferroelectric interface A4 is 
perpendicular to the C-axis of the layers, and lies in the plane of the layers. 

As shown in FIG. 15, a HTSC layer A1 is deposited on a ferroelectric 
layer A2 which is deposited on a substrate A5. Again, the HTSC/ferroelectric 
interface A4, and the ferroelectric/substrate interface A6 lie in the plane of the 
layers. 

As shown in FIG. 16, a HTSC layer A1 is deposited directly on a 
ferroelectric substrate A7, with the HTSC/ferroelectric interface A4 being 
coincident with the HTSC/substrate interface, again lying in the plane of the layers. 

As shown in FIG. 17, a ferroelectric layer A2 is deposited on top of 
a patterned HTSC layer AS (with example etched feature A9 shown), which is 
deposited on a substrate A7. The ferroelectric layer A9 fills the etched regions A9 
and forms HTSC/ferroelectric interfaces A4 between the overlying ferroelectric 
layer A2 and HTSC layer AS and interfaces A10 between the ferroelectric layer 
A2 and the edges of the patterned HTSC film AS. The interface all between the 
ferroelectric film A2 and the crystalline (or film) substrate A7 (made of dielectric, 
insulator, ferroelectric, or other material) is also shown. 

As shown in FIG. 18, a ferroelectric layer A12 and HTSC layer are 
deposited in the same plane, with the HTSC/ferroelectric interface A10 lying at the 
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edges of the layers. Such layers can be deposited on a variety of substrates A7. 

As shown in FIG. 19, a variety of structures A1 - A9 are shown in 
combination, representing one example of the more general multi-layer structure 
of the invention, with various patterned and unpatterned HTSC and ferroelectric 
layers lying on top of each other, in various orders, and with the entire structure 
lying on a substrate. In the general structure, the substrate could be made of a 
bulk crystalline sample or film of any number of materials, including dielectrics, 
insulators, ferroelectrics, etc. 

All the layers described can be deposited by a variety of techniques, 
including physical vapor deposition, chemical vapor deposition, laser deposition, 
sputtering, sol gel, etc. 

In FIG. 20 there Is shown a multilayer component 110 of the invention 
comprising thin films 111 and 1 12 of HTSC material contiguous with thin film 113 
of ferroelectric material. The lower surface of ferroelectric thin film is contiguous 
with the upper surface of thin film 114 of HTSC material. The lower surface of 
thin film 1 14 is contiguous with the upper surface of substrate 115. 

FIG. 21 is a plan view of an interdigitated capacitor structure 120 in 
accordance with the Invention. Thin films 121 and 122 of HTSC material have a 
plurality of projections 121a and 122a, respectively, which nest with respect to 
one another, thereby forming a meandering slot 123 in structure 120. As shown 
in FIGS. 21 and 22, a thin film 124 of ferroelectric material overlies the portions 
of thin films 121 and 122 adjacent meandering slot 123 and extends into the slot 
itself. The structure 120 enables the overall value of the capacitance of structure 
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120 to be increased while maintaining tuneabiiity of the capacitance by the 
application of predetermined voltages to thin film 1 24. 

FIG. 23 shows a tuneable antenna 130 in accordance with the 
invention. The tuneable antenna comprises half-loop 131 of a thin film of HTSC 
material. Layers of insulating material 132 and 133 support the half-loop antenna 
131. Layers 132 and 133 are separated by thin film 134 of HTSC material. Thin 
film 135 of HTSC material is connected to half-loop 131. Thin film 136 of 
ferroelectric material is disposed between thin film 135 and thin film 137 of HTSC 
material which is disposed on substrate 138. Thin films 135 and 140 with film 
133 therebetween form tuneable capacitor 141. 

in FIG. 24 there is shown the equivalent circuit of the half-loop 
antenna 130 of FIG. 21. Driving signal source 142 is connected to the thin film 
140 and thereby to the capacitor 141. As shown in FIG. 24, inductance 143 and 
resistance 144 are the lumped values of the resistance R and the inductance L of 
the half -loop antenna. The application of a DC voltage across capacitor 141 tunes 
the capacitance thereof and hence the frequency of the resonance of the circuit 
comprising the half-loop antenna 131 and the capacitor 141. 
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Directing attention to FIG-^Ta delay/shift element 21 6 according to the 
invention is shown. Delay/shift element 16 comprises a layer 218 of a dielectric 
material, such as barium strontium titanate (BST), sandwiched between a first 
conductor2l9 and a second conducto^l , which conductors are commonly referred 
to as electrodes. A DC or low frequency electric field is placed across the BST layer 
2.18 by a variable bias voltage source223. As can best be seen in FIQ. ^ the 
dielectric constant, and thus the capacitance, of the BST layer 18 changes 
approximately 500% as the electric field strength goes from 0 kV/cm (kilpyotts per 
centimeter) to 25 kV/cm. This large change In dielectric constant can be used to 
tune electronic parameters which depend on the dielectric constant For example, 
the speed of an electromagnetic wave in a waveguide depends on the dielectric 
constant of the material that fills the waveguide. Thus tuneable delay lines, phase 
shifters and other electronic devices that depend on the velocity of an 
electromagnetic wave in a dielectric medium can be constructed utilizing element 
^16. In this disclosure such electronic devices shall be referred to as delay/shift 
devices for simplicity. Also, the terms "waveguide", "transmission line', and 'electrical 
circuit" are conventionally used interchangeably in the field of microwaves and 
millimeter waves and shall be so used herein. In general the term "transmission line" 
shall be used to mean either a waveguide, as in the case where the wave length of 
- the signal being processed is of the same order or smaller than the size of tiie 
system components, or an electrical circuit, as in the case where the wave length 
of the signal being processed is much larger than the size of the circuit 
components. 

TTie generalized structure of a microwave/millimeter wave delay/shift device 
Z24 utilizing the delay/shift element2l6 is shown in RG.Z^ comprises a signal input 
means226, the delay/shift elemental 6 which generally forms part of a transmission 
Iine225 shown by dotted lines, a signal output meansrZ27, and a delay/shift 
controller. T1*b signal input means226 typically comprises a terminal for connecting 
to ari ^lecrkicaf STgnar, or, in terms of waves, a coupling to a wave source, a 
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transformer, and a polarizer which introduce a waveZZS Into transmission lineal. 
It may also include the signal or wave source, though this is not shown in the 
drawings. The phrase "signal input means' should be interpreted broadly as 
anything that inputs an electrical signal to the delay shift element 16, and in 
particular the dielectric materiaias in the delay/shift element. By 'Inputting a signal 
to the dielectric material" is meant that the signal is input so It passes through or 
othenvise Interacts with the dielectric material so that the change in dielectric 
constant of the material can tune the signal. The delay/shift controlleiE3 preferably 
is a variable voltage source223 as shown in RG.T^^'The wave228 is delayed or 
phase shifted by delay/shift element 16 and then is output from the delay/shift 
device224 via the signal output means227, which preferably comprises a polarizer, 
transformer, and a coupling to further elements of a microwave or millimeter wave 
system. Again, it may also simple comprise a terminal. The delay/shift device224 
also preferably includes a temperature controller22g. Temperature controllerZ29 is 
preferably a cooling device, such as a liquid nitrogen cryogenic device whicrfi 
maintains the temperature of the delay shift elementzie at a predetermined 
temperature between 50 K and 110 IC 

It should be understood that the figures, such as RG.':^ depicting the 
delay/shift element 216 and FIGS;2r7 ^3 depicting transmission Tines or 
waveguides, are not meant to be actual cross-sectional or other views of any 
particular portion of an actual electronic device, but are merely Idealized 
representations which are employed to more dearly and fiilly depict the structure 
and process of the invention than would otherwise be possible. Likewise it should 
be understood that the signal Input means22B, the signal output meansZ27, and the 
deiay/shift element2i6 may have many other structures than those discussed above 
and below. For example. In the case of micro circuits which are relatively small 
compared to ttie wavelength of the signal being processed, the Input means^ and 
output means227 may each simply consist of an electrical terminal. 

The delay/shift element ^ 6 may be used with a wide variety of electronic 
devices including tuneable delay lines, tuneable filters, matching networks, 
oscillators, loop antennas, directional couplers, tuneable resonators including one- 
dimensional oonfocal resonators, tuneable cavities, tuneable frequency and 
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wavelength filters, ferrite thin film isolators, directional coupler switches, phase shift 
feeder networks for patch antennas, coplanar lines with variable impedance using 
voltage-tuned meander lines as the center conductor of the coplanar line, tuneable 
antennas such as tuneable resonant antennas and tuneable electrically small 
antennas, phase shifters for phased array antennas, dielectric gratings for an 
individual radiative elements in an antenna array, fringe effect capacitors and many 
other structures, ail of which may be fabricated in conventional and hybrid circuit 
form as well as in the form of monolithic devices and integrated circuits. 

In this disclosure Ihin film* means a film of a thickness of 50 microns and 
< less and preferably 10 microns and less. In this disclosure the term 'electrical' is 
intended to be a broad term that includes the usual meaning of the term electrical 
as well as everything included under the terms "electromagnetic'' and "electronic". 

15 Tuming now to a more detailed description of the Invention, the delay/shift 

element216 (FIG. 1) preferably comprises dielectric layerZlS and electrical bias 
means 21 7 for applying an electrical field to the dielectric materiaiSS. Electrical bias 
means 21 7 preferably comprises first conductor719, second conductor221, and 
electrical connecting means2i7A for connecting the conductors to variable voltage 

20 means223, which typically is an adjustable DC and/or low frequency voltage source. 
However, the electrical bias means'^ 7A may include only one electrode2l9 and one 
connecting wire2]7A; that is, the delay shift element2l6 can be made in the form of 
.single electrode 21 9 and the dielectric Iayer2ia, which element216, in a later stage 
of manufacturing the final device to be tuned, is pressed onto a ground plane which 

25 acts as the second electrode221. In the preferred embodiment, the dielectric layer 
18 is a ferroelectric material, such as barium strontium titanate (BST), barium 
titanate (BaTIO^), strontium titanate (SrTTOg), lithium niobate (UNbOs), lead strontium 
titanate (Pb[Sr,"n]03j^ lead titanate (PbTiO)3 and others. In the embodiment shown 
in the figures, the dielectric layer is BST, and is in the form of a thin filmZIS. 

30 Conductors'2]9 and221 are preferably formed as thin film layers in contact with the 
opposing surfaces 220 and222 of BST layer 21 8 to form a sandwich structure. 
However, the conductors may be separated from the BST layer 21 a by some 
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distance, providing they are arranged so that they can apply an electric field to the 
BST layer 18. In the preferred embodiment the conductors^ 9 and221 are made of 
a superconductor such as Y-Ba-Cu-O (YBCO) or Tl-Ba-Ca-Cu-O (TBCCO), though 
they also may be conventional conductors, i.e. conductors that are not a 
superconductor, such as platinum, gold, silver, and tungsten. Generally the 
conductive layers2J9 and221 are made of several thin layers of different conductors, 
as for example, an adhesion layer of titanium or chromium immediately adjacent the 
surfaces220 andZ22 and a layer of platinum or gold in contact with the adhesion 
layer. Such multiiayered structures for electrodes and other conductive elements aiB 
well-known in the art and thus will not be discussed in detafl herein. Means2l7A for 
connecting conductors2l9 and2l to a voltage source, typically comprises a wiring 
layer in an integrated drcuit, traces in a hybrid circuit, temiinais on the elementas 
which permit a voltage source to be connected to it, c»- simply solder points. 

In the preferred embodiment, BST iayer2l8 is barium strontojm titanate 
having the formula Ba^Sr,.,Ti03 where, preferably, 0.01 £ x < 0.2. A value of x 
approximately equal to 0.1 has been found to give the greatest change in dielectric 
constant. A variable bias voltage source 23 connected across conductors219 and 
^21 provides a variable electric field, preferably in the range of zero to 25 kV/cm, 
across BST Iayer218 to vary the dielectric constant. As shown in RG.2^when the 
delay/shift element Zl 6 is placed in a transmission line'ZS, connected between a 
signal input meanslZB and a signal output mean5227, the variable bias voltage 
sourcee23 becomes a delay /shift controiler223 which controls the delay, shift, or 
. other parameter that varies with the dielectric constant of the BST layer. 

RG.. illustrates a microwave/millimeter wave deiay/shift deviceZSO utilizing 

i a delay/shift element's 6A according to the invention in which the wavelength of the 
signal being processed is of the same order of size or smaller than the electronic 
components232,735A,236A,233, etc. The deviceSO includes a housing^l, a signal 
input 32 which couples a signal to the device230, a transmission line^, which 
would generally be called a waveguide in this device, a signal outputZ34 which 

) couples the signal output from device230 to an external waveguide (not shown), 
transformer235A which transforms the input signal to one that will pass easily 
through the wavegufdeSO, transforme^SB which transforms the signal exiting from 
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waveguidq^ to a forr- suitable to be used by the external wave 'de (not shown), 
and polarizersSBA and^^B which polarize the signal as it enters and depolarizes 
It as it exits the waveguide^. In this embodiment the waveguide^ comprises a 
delay/shift element2l6A which includes a first conductorZlSA, a second conductor 
'221A, and BST layer2t8A. Wires238A and738B provide a means for connecting 
conductorsaSA andZ21A respectfully to delay shift controllei«23 (shown In RG. 2). 
Vaiying the voltage across conductors2l9A and221A by means of controller223 
changes the dielectric constant of BST layer 2l8A and thus the delay and/or phase 
of the signal t-aveiing In waveguide'233, thereby tuning the signal. In the delay/shift 
device^ the barium strontium titanate'218A comprises a dielectric within a 
distributed capacitance in the transmission line^a. 

RG.^ shows a microwave/millimeter wave delay/shift device 250 utilizing a 
delay/shift elements2i6B through2J6E according to the invention in which the 
wavelength of the signal being processed is of much larger than the electronic 
components. TTie device250 comprises a signal inputS2 which couples a signal to 
be processed to the device 50, a transmission line 53, which would generally be 
called a circuitSa in this embodiment, and a signal output S4 which couples the 
signal output by deviceZSO to and external circuit (not shown). Transmission lineSS 
comprises a lumped circuit of variable capacitors 2I6B throughZ16E and inductors 
^56; such a circuit is sometimes referred to as an "artificiar transmission line. Each 
of the variable capacitors2l6B through2l6E is a delay/shtfl element such aszl6 In 
RG.ZS"having a variable voltage source, such as 23 in RG.^Tuning the variable 
.capacitors2l6B through?I6E changes the dielectric constarrt of the capacitors and 
thus tunes the transmission linS:s3 to delay and/or phase shift the signal passing 
i along It, thereby tuning the signal. 

If either of device£30 orZSO is implemented as a microwave Integrated drcuit 
(MIC) or other micro device, the transmission lines 233 and/or 23 may be 
implemented as a microstrip device2ao as shown in RG.'2!S Microstrip device240 
comprises a ground planeZl9B which is the first conductor in device^, microstrip 
221 B which acts as the second conductor, and BST layer 2I8B separating the 
conductors. In this case the delay shift controller's {FIGW applies a variable 
voltage across growd planeZlSB and microstripi^l B to vary the dielectric constant 
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Of BST laye^^18B. 

Turning now to FIGSJo test devices 60, 70 and 80 for testing the BST 
material according to the invention are shown. RG.3Dshows a capacitor device260 
for measuring the bulk capacitance of the BST rnaterial according to the invention. 
It comprises a first conductive eiectrod£B4 in the form of a semi-circular thin plate 
and a second conductive electrodef266 in the form of a semi-circular thin plate 
separated by a thin strip262 of BST. A variable bias voltage source268 appli^ a 
voltage to electrodesi264 andZ66 to create a variable electric field across BST strip 
62. 

RG.3rshows an interdigitated thin film capacitor devicerzTO used for 
measuring the thin film properties of the BST material according to the invention. 
It comprises a first conductive electrodeZ74 and a second conductive electrode 76 
which have fingers, such as273 and277 respectively, which intermesh and are 
separated by a thin stri|^2 of BST. The electrode^4 andZ6 and the BST strip272 
are thin films formed on a substrateTS. A variable bias voltage source 78 applies 
a voltage to electrodes274 and|Z76 to create a variable electric field across BST strip 
Z72. 

FIGS. *^2^d 3'?show a coplanar waveguide phase shifter element 260 
according to the invention which was used to test the usefulness of the BST 
material of the invention in a phase shifter. Phase shifter elemenfSO comprises a 
first thin film conductor284 and a second thin film conductoraBS formed on a 
substrate99. First thin film conductorS4 is formed in two parts'S4A and284B. The 
•conductor^4 and^ are formed by depositing a film on substrate^S and etching 
it to form a gap^ in the form of a funnel^7A and^7B at each end connected by 
a thin linear sectior^7C. Gap^Zis formed in two part9^7D and337E separated by 
conducted. A film^ of BST is then deposited in the gap portion^70 and^7E. 
The BST film overiies the conductors^4 and^ on either side, as can best be seen 
in RG.^^although this overiap is merely a fabrication artifact to ensure that the gap 
portions^7D and97E are filled. In this embodiment the signal input means^ is a 
coaxial cable having an inner conductor^ and an outer conductor294. The inner 
conductor^2 is connected to the second conductor^B, while the outer conductor 
is connected, to the portionsj|4A and24B of first conductor^. Likewise the signal 
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autput mean^7 is a coaxial cablaas having an inner conducto£96 connected to 
the second conductorSs and an outer conductorSB connected to first conductor 
portions^A an{fia4B. In the tests described below, a delay/shift controller223 (FIG. 

'^'^f comprising a variable bias voltage source was used to apply a DC voltage across 
conductor^4 and2B6 via coaxial cabt^90 to create an electric field across BSTfilm 

2S2, which DC voltage and field was varied to change the dielectric constant of the 
film2B2 and thereby shift the phase of a signal passing through the coplanar 
waveguide phase shifter eiementi^O, thereby tuning the signal. 

Turning now to RG.^^ capacitance versus temperature curves for five 
electric field strengths for a BST capacitor as shown In HG.^Oare shown. The 
sample capadtoCBO had a thickness, t, of 0.71 mm, a diameter, D, of O.B cm, and 
a BST strip£62 width, d, of 0.08 mm. The electrodes2B4 and^^ were made of YBCO 
superconductor and the BST was Ba^ ^Sro^TiOg. Bectric fields of 0 kV/cm. 3.125 
kV/cm. 6.25 kV/cm, 12.5 kV/cm, and 25 kV/cm provided by voltage source 68 
were placed across the capacitor260 and the capacitance bi picofarads was 
measured at a frequency of 1 00 kHz at the points shown as the temperature ranged 
from approximately 40 K to 1 50 K. Each of the curves peaked at between 86 K and 
88 K, with the peak moving to a higher temperature as the field Increased. The peak 
capacitance decreased from about 2690 pf at 0 kV/cm to about 450 pf at 25 
kV/cm. This represents a change of about 500%. TWs change Is enormous 
compared to the 16% to 50% changes reported in the Varadan article cited above 
and the changes of 10% to 20% reported to be feasible in the Jackson paper 

• entitled 'Novel Monolithic Phase Shifter Combining Ferroelectrics and High 
Temperature Superconductors' cited above. 

RG.jrS^shows cap a ci t ance versus temperature curves for five electric field 
strengths for a Ba^ ggSr^^TiOg capacitor as shown In RGiO[the sample capacitor 

2SO had a thtokness, t. of 1.05 mm. a diameter, D, of 2.12 cm. and a BST strifg62 
width, d, of 0.08 mm. The electrodeSfi4 and$6 were made of YBCO and the BST 
was Bao^Sroj^TiOg. Electric fields of 0 kV/cm. 3.125 kV/cm. 6.25 kV/cm, 12.5 
kV/cm, and 25 kV/cm were placed across the capacito?260 and the capacitance 
in picofarads was measured at a frequency of 100 kHz at the points shown as the 
temperature ranged from approximately 46 K to 120 K. Each of the curves peaked 
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the bulk devices in the prior art. Thus, for the first time, the tuneability of the 
material is large enough for a practical MIC delay line or phase shifter. 

nG.37shows capacitance versus temperature curves for four voltages tor 
a Bag^Sr^TIOj thin film capacitor as shown In pIG.^^ which capacitor was the 
same as that described above except the width of the fingers273,77 and the BST 
stripZ72 was about 4500 A. Thus this capacitor was about 60% of the size of the 
capacitor of RG. 34$; The figure also shows a single point on the 
capacitance/temperature curve for three other voltages. Voltages of 0 V, 5 V, 10 
V, and 20 V were placed across the capadtor^O and the capacitance in picofarads 
was measured at a frequency of 100 kHz at the points shown as the temperature 
ranged from approximately 40 K to 300 K. Each of the curves peaked at abour S2 
K« with tittle evident shift of the peak as the field increased. Points were also 
obtained for the capacitance at 82 K for voltages of 30 V, 40 V. and 50 V. The peak 
capacitance decreased from about 6.67 pf at 0 kV/cm to about 5.96 pf at 66 
kV/cm. The percent change of the capacitance for each of the peak capacitance 
values is shown for each curve and the individual test points for the 30V * SO volt 
measurements. The maximum change is about 10.7%. 

FIG. 3^ shows loss tangent versus temperature curves for the same 
capacitor, electric field strengths, and frequency used in ot>taining the curves of 
FIG. SS^The curves show that the loss tangent has a local minimum at about the 
same temperature as the peak capacitance. Overall the loss tangerrt is in the range 
of about 2x10'^ and 4 x 10'^ which is about the range reported for prior art GaAs 
.tuneable microwave devices which generally are utilized with normal conductors 
rather than superconductors. Thus the BST delay/shift eiements223 can be used 
with or without the superconducting electrodes. Since the largest change in the 
dielectric constant is in the temperature range of the high temperature 
superconductors, the use of superconductors as the conductors2l9,21 etc. is 
preferable, though this is not necessary. 

FIG."^^ shows the measured change of phase angle and effective dielectric 
constarrt versus electric field strength tor the phase shifter of RGS.'^and'^pie 
conductorrfZ34A.'aB4B, and^B were made of YBCO, the BST was Ba ogSro^TiOg, 
and the substrate^9 was made of lanthanum aluminate. The length of the phase 
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at between 78 K and oi K, with the peak moving to a higher temperature as the 
field increased. TTie peak capacitance decreased from about 4150 pf at 0 kV/cm 
to about 1600 pf at 25 kV/cm. This represents a change of about 150% which is 
significantly smaller than the change for the BaQ^fSrg^TlOg sample discussed above, 
but still enormous compared to the prior art. The primary cause for the difference 
is believed to be due to the 1% change in the BST composition. This indicates that 
the delay/shift element2l6 can not only be tuned by the applied voltage, but the 
composition can also be tuned" to provide the desired delay or phase shift. This 
is vef7 important in the microwave area where matching parameters is critical. 
Comparing FlGS.^and'^f '^ is evident that as one reduces the barium content 
and increases the strontium content the peak goes to smaller temperatures. Thus 
the delay/shift element 21 6 can also be tuned" to a desired phase or delay by 
varying the temperature. 

FIG.^j^^hows capacitance versus temperature curves for sjx electric field 
strengths for a BaQ^SrQ^TiOj thin film capacitor as shown In RG3t.' The width of 
the fingers?73,Z77, i.e. the dimension in the vertteai direction In was 7600 A, 

which was also the thickness of the BST strip272. The thin film was about 60004 
thick, i.e. in the direction out of the paper in nG,3T^the electrodes^4 and2S were 
made of YBCO and the substrate279 was lanthanum aluminate. Electric fields of 0 
kV/cm, 13 kV/cm, 26 kV/cm. 39 kV/cm, 53 kV/cm. and 66 kV/cm were placed 
across the capacrtorZTO and the capacitance in picoteu^ds was measured at a 
frequency of 100 kHz at the points shown as the temperature ranged from 
.approximately 20 K to 300 K. Each of the curves peaked at between 70 K and 90 
K, with the peak moving to a higher temperature as the field increased. The peak 
capacitance decreased from about 6.5 pf at 0 kV/cm to about 5.9 pf at 66 kV/cm. 
This represents a diange of about 10% which is significantly smaller than the 
change for the bulk samples discussed above, but still is about the same size as 
the change for the bulk samples described in the prior art The primary cause for 
the difference is believed to be due to the thin film. That is, in the thin material 
surfece effects, such as surface charges, predominate. Since it is expected that the 
bulk results published in the prior art would decrease similarty, the result of RG3 G 
is a true breakthrough, since the thin film results are nearly equal to the results for 
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shfftBT waveguide. It le distance across the conductorsZL andZBS in the 
horizontal direction in RGJ^pwas about 13 mm, the thidoiess of the BS1282 in 
each of gap portion^37D and2B7E in the horizontal direction in RG^^Was about 
5 microns and the thici<ness of^the conductors filmsaB4A.2B4B, and^. respectively 
In the vertical direction In RG.^was about 6000 A. The phase shift was measured 
In units of jr at a frequency of 10 GHz (gigahertz) using a Hewlett Packard model 
HP8510 Networit Analyzer. TTie results show a change of about .7ir or 126 degrees 
over a change of field from 0 kV/cm to 6 kV/cm. Typically, in phase shifters one 
seeks to have changes of about 90 degrees or more, so the phase shift is well 
within the range of a practical device. Over the same range of field strengths, the 
dielectric constant changes from about 14.5 to about 25 or about 30%. 

The BST and other thin films of the invention can be made by methods 
including physical vapor deposition, chemical vapor depositfon. laser deposition, 
sputtering, sol gel processing, and many other processes and can be patterned by 
many known MIC patterning processes, such as ton mlH^g. chemteal etchfoig, etc 
In particular the YBCO of the devices of RG^,'3|and^2yvas deposited by laser 
ablation, while the BST was deposited by a sol^el process. The devices were 
patterned using a chemical wet etch. These processes are all well-known in the art 
and thus will not be discussed b% detal herein. 

There has been described a novel tuneable dielectric constant electronic 
device utifizing a thin film BST material having a (fielectrte constant that is far more 
tuneable than prior art BST devices. It should be understood that the particular 
•embodiments shown in the drawings and described within thte specification are for 
purposes of example and should not be construed to limit the invention which will 
be described in the daims below. Further, It is evident that those skilled ffi ttie art 
may now make numerous uses and modifications of the specific embodiments 
described, wittiout departing from the inventive concepts. For example, now that a 
BST material having such large tuneability is disclosed, many other applications of 
the material can be made. Equivalent structures and process may be sutistltuted 
for the various structures and processes described. Additional features and thin film 
layers may be added. Or a variety of different dimensions and conductor materials 
may be used. Many other variations are possible. 



37 



wo 94/13028 



PCTAJS93/11780 



The advantages of the present invention, as well as certain changes 
and modifications of the disclosed embodiments thereof, wili be readily apparent 
to those skilled in the art. It is the applicants' intention to cover in their claims all 
those changes and modifications which could be made to the embodiments of the 
invention herein chosen for the purpose of the disclosure without departing from 
the spirit and scope of the invention. 
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WHAT IS CLAIMED IS; 

1 1. A tuneable electrical component comprising a thin film of 

2 ferroelectric material, the dielectric property of the ferroelectric thin film being a 

3 function of a voltage applied to the ferroelectric thin film, the ferroelectric thin film 

4 being adapted to be connected to a circuit which is to be tuned in response to the 

5 dielectric property of the thin film of ferroelectric thin film, and a thin film of 

6 superconductive material contiguous with the surface of the ferroelectric thin film, 

7 the superconductive thin film being adapted to apply a voltage to the ferroelectric 

8 thin film to determine the dielectric property thereof. 

1 2. A tuneable electrical component in accordance with claim 1 in 

2 which the thin film of ferroelectric material is deposited on a surface of the thin 

3 film of superconductive material which is a high temperature superconductive 

4 material. a. A tuneable electrical component in accordance with claim 

5 1 in which the thin film of superconductive material is deposited on a surface of 

6 the ferroelectric thin film is a thin film of high temperature superconductive 

7 material. 

1 3. A tuneable electrical component in accordance with claim 1 and 

2 further comprising a substrate contiguous with one of the ferroelectric thin film and 

3 the superconductive thin film to support the same. 

1 4. A tuneable electrical component in accordance with claim 6 in 

2 which the substrate is formed of crystalline material. 

1 5. A tuneable electrical component in accordance with claim 1 and 

2 further comprising means for applying a predetermined voltage to the 

3 superconductive thin film. 

39 



wo 94/13028 



PCT/US93/11780 



1 6. A tuneable electrical component In accordance with claim 1 and 

2 further comprising means for applying a variable voltage to the ferroelectric thin 

3 film to vary the dielectric property of the ferroelectric thin film. 

1 7. A tuneable electrical antenna component in accordance with 

2 claim 1 and further comprising an additional thin film of superconductive material 

3 deposited on the surface of the ferroelectric thin film disposed opposite to the 

4 surface thereof upon which the superconductive thin film is disposed. 

1 8. A tuneable electrical phase shifter comprising a thin film of 

2 ferroelectric materiaL the dielectric property of the ferroelectric thin film being a 

3 function of a voltage applied to the ferroelectric thin film, the ferroelectric thin film 

4 being adapted to be connected to a circuit which is to be tuned in response to a 

5 phase shift resulting from the dielectric property of the thin film of ferroelectric thin 

6 film, and a thin film of superconductive material deposited on a surface of the 

7 ferroelectric thin film, the superconductive thin film being adapted to apply a 

8 voltage to the ferroelectric thin film to determine the dielectric property and thereby 

9 the phase shift thereof. 

1 9. A tuneable electrical phase shifter in accordance with claim 9 

2 and further comprising means for applying a predetermined voltage to the 

3 superconductive thin film and thereby to the ferroelectric thin film to determine the 

4 dielectric property of the ferroelectric thin film. 

1 1 0. A tuneable electrical phase shifter in accordance with claim 1 0 

2 and further comprising means for applying a variable voltage to the 

3 superconductive thin film and thereby to the ferroelectric thin film to vary the 

4 dielectric property of the ferroelectric thin film. 
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1 11 . A tuneable electric antenna component for passing radio 

2 frequency energy comprising an elongated base portion of ferroelectric material, 

3 the dielectric property of the ferroelectric material being a function of a voltage 

4 applied to the ferroelectric material* a plurality of elements extending from the base 

5 portion and spaced apart from one another at a predetermined interval along the 

6 length of the base portion, the predetermined interval between each of the plurality 

7 of elements providing a predetermined time delay for radio frequency energy as a 

8 function of the dielecuic property of the base portion, the predetermined time delay 

9 between each of the plurality of elements causing the radio frequency energy to 

10 be passed at a common predetermined angle with respect to each of the plurality 

11 of elements. 

1 12. A tuneable electric antenna component for passing radio 

2 frequency energy in accordance with claim 12 in which the height of each of the 

3 plurality of elements being a fraction of the width of the base portion in the 

4 direction in which the plurality of elements extend. 

1 13. A tuneable electric antenna component for passing radio 

2 frequency energy in accordance with claim 12 in which the radio frequency energy 

3 is microwave energy. 

1 14. A tuneable electric antenna component for passing radio 

2 frequency energy in accordance with claim 12 in which the dielectric property of 

3 the ferroelectric material of the base portion which is a function of a voltage 

4 applied to the ferroelectric material is the dielectric constant of the ferroelectric 

5 material of the base portion. 
1 
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2 15. A tuneable electric antenna component for passing radio 

3 frequency energy in accordance with claim 12 in which the plurality of elements 

4 extending from the base portion and spaced apart from one another at a 

5 predetermined interval along the length of the base portion are of ferroelectric 

6 material, the dielectric property of the ferroelectric material is a function of a 

7 voltage applied to the ferroelectric material. 

1 16. A tuneable electric antenna component for passing radio 

2 frequency energy in accordance with claim 12 and further comprising means for 

3 applying a predetermined voltage to the base portion of the ferroelectric material 

4 to determine the dielectric property of the antenna component, the means for the 

5 dielectric property of the antenna component and the interval between the 

6 elements extending from the base portion being adapted to produce the 

7 predetermined time delay causing the radio frequency energy to be passed at a 

8 common predetermined angle with respect to each of the plurality of elements. 
1 
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2 17. A tuneable electric antenna array comprising a plurality of 

3 tuneable electric antenna components for passing radio frequency energy, each 

4 component having an elongated base portion of ferroelectric material, the dielectric 

5 property of the ferroelectric material being a function of a voltage applied to the 

6 ferroelectric material, a plurality of elements extending from the base portion and 

7 spaced apart from one another at a predetermined interval along the length of the 

8 base portion, the predetermined interval between each of the plurality of elements 

9 providing a predetermined time delay for radio frequency energy applied to the base 

10 portion as a function of the dielectric property of the base portion, the 

1 1 predetermined time delay between each of the plurality of elements causing the 

12 radio frequency energy to be passed at a common predetermined angle with 

13 respect to each of the plurality of elements, each of the plurality of components 

14 being disposed in a common plane with the base portion thereof positioned parallel 

15 to one another with a predetermined distance between each base portion 

16 corresponding to an additional predetermined time delay for causing the radio 

17 frequency energy to be passed at an additional common predetermined angle with 

18 respect to the length of the base portion of each component, and means for 

19 applying a biasing voltage to the base portion of each of the plurality of 

20 components to control the additional common predetermined angle. 

1 18. A tuneable electric antenna array in accordance with claim 18 

2 and further comprising means for applying a predetermined voltage to cause the 

3 radio frequency energy to be passed at a common predetermined angle with 

4 respect to each of the plurality of elements of each component of the plurality 

5 components of the antenna array. 
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1 19. A tuneable electric antenna array in accordance with claim 18 

2 in which the array includes an additional plurality of tuneable electric antenna 

3 components and in which the means for applying a biasing voltage to the base 

4 portion of each of the plurality of components applies the biasing voltage to the 

5 components of the array and the additional array. 

1 20. A phased array antenna comprising a plurality of antenna 

2 elements for passing radio frequency energy, a plurality of phase shifters with each 

3 phase shifter having a thin film of ferroelectric material, the dielectric property of 

4 the ferroelectric thin film being a function of a voltage applied to the ferroelectric 

5 thin film, the ferroelectric thin film of each phase shifter being connected to a 

6 different one of the plurality of antenna elements and to a source of radio 

7 frequency energy, a layer of superconductive material deposited on a surface of the 

8 ferroelectric thin film of each phase shifter, the superconductive thin film being 

9 adapted to apply a voltage to the ferroelectric thin film upon which it is deposited 

10 to determine the dielectric property thereof and thereby the phase shift of each 

1 1 phase shifter. 

1 21 . A phased array antenna in accordance with claim 21 and further 

2 comprising means for applying a predetermined voltage to the ferroelectric thin film 

3 of each of the plurality of phase shifters to determine the phase shift of the radio 

4 frequency energy being connected to the antenna element by the ferroelectric thin 

5 film. 

1 22. A phased array antenna in accordance with claim 21 and further 

2 comprising means for applying a variable voltage to the ferroelectric thin film of 

3 each of the plurality of phase shifters to vary the phase shift of the radio frequency 
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4 energy being connected to the antenna element by the ferroelectric thin film. 

1 23. A tuneable superconducting fringe effect capacitor comprising 

2 a thin film of ferroelectric material having a dielectric property which is a function 

3 of a voltage applied thereto, and a pair of thin films of superconductive material 

4 deposited on the ferroelectric film with a predetermined space therebetween, the 

5 thin films of superconductive material providing a capacitive function with the film 

6 of ferroelectric material In the predetermined space between the thin films of 

7 superconductive material. 

1 24. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 24 and further comprising means for applying a voltage 

3 across the superconductive films and thereby to the ferroelectric film in the 

4 predetermined space between the superconductive films to affect the dielectric 

5 property of the ferroelectric film and thereby the capacitance of the capacitor. 

1 25. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 24 and further comprising means for applying a variable 

3 voltage across the superconducting films and thereby to the ferroelectric film in the 

4 predetermined space between the superconductive films to vary the dielectric 

5 property of the ferroelectric film and thereby the capacitance of the capacitor. 

1 26. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 24 and further comprising a substrate, the surface of 

3 ferroelectric film disposed opposite to the surface thereof upon which the pair of 

4 superconductive thin film are deposited being contiguous with the surface of the 

5 substrate. a. A tuneable coplanar electrical component comprising a 
1 thin film of dielectric material and a plurality of lines of thin films of 
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2 superconductive material deposited on the thin film of dielectric material, the 

3 dielectric material having a dielectric property which is a function of voltage applied 

4 thereto. 

1 27. A tuneable coplanar electrical component in accordance with 

2 claim 28 in which the plurality of lines are spaced apart and parallel with respect 

3 to one another. 

1 28. A tuneable coplanar electrical component in accordance with 

2 claim 28 which a line of superconductive thin film disposed spaced apart and 

3 parallel to the lines of the plurality of lines adjacent thereto is Interrupted to form 

4 a portion of a line the dimensions of which provide a resonant circuit with respect 

5 to the lines of the plurality adjacent thereto. 

1 29. A capacitively coupled microstrip resonator comprising strip of 

2 superconductive material, a pair of additional strips of superconductive material, 

3 and means connecting to each of the pair of additional strips of superconductive 

4 material to the strip of superconductive material for providing a voltage thereto. 

1 30. A tuneable capacitively coupled microstrip resonator comprising 

2 a pair of strips of superconductive material, each strip having an end portion 

3 disposed in a facing relationship to the end forming a gap between the end 

4 portions, a strip of ferroelectric material extending across the gap in contact with 

5 the end portion of the superconductive lines, means connected to each of the pair 

6 of strips of superconductive material for providing a voltage thereto and thereby 

7 to the strip of ferroelectric material to determine the dielectric property of the strip 

8 dielectric material and thereby to tune the resonator. 
1 
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2 31. A tuneable capacitively coupled microstrip resonator in 

3 accordance with claim 32 in which the means connected to each of the pair of 

4 strips of superconductive material for providing a voltage thereto further comprises 

5 an additional strip of superconductor connected to the pair of strips of 

6 superconductive material. 

1 32. A tuneable superconducting fringe effect capacitor comprising 

2 a thin film of ferroelectric material having a dielectric property which is a function 

3 of a voltage applied thereto, and a pair of thin films of superconductive material 

4 deposited on the ferroelectric film with a predetermined space therebetween, the 

5 predetermined space being formed by a plurality of projections extending from each 

6 of the pair of thin films of superconductive material and nested with respect to one 

7 another, the thin films of superconductive material providing a capacitive function 

8 with the film of ferroelectric material in the predetermined space formed by the 

9 nested projections between the thin films of superconductive material. 

1 33. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 34 and further comprising means for applying a voltage 

3 across the pair of superconductive thin films and thereby to the ferroelectric film 

4 in the predetermined space between the pair of superconductive thin films to affect 

5 the dielectric property of the ferroelectric film and thereby the capacitance of the 

6 capacitor. 

1 34. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 34 and further comprising a substrate, the surface of 

3 ferroelectric film disposed opposite to the surface thereof upon which the pair of 

4 superconductive thin films are deposited being contiguous with the surface of the 
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5 substrate. 

1 35. A tuneable superconducting fringe effect capacitor in 

2 accordance with claim 34 in which the thin film of ferroelectric material having a 

3 dielectric property which is a function of a voltage applied thereto has a portion 

4 thereof extending into the predetermined space formed between the pair of thin 

5 films of superconductive material. 

1 36. A tuneable antenna comprising a loop of a thin film of 

2 superconductive material, layers of insulating material for supporting the loop, the 

3 layers being separated by thin film of conducth/e material for providing a ground 

4 plane, a thin film of superconductive material connected to the loop. A thin film 

5 of ferroelectric material disposed contiguous on one surface thereof of 

6 superconductive material, and an additional thin superconductor film disposed on 

7 the opposite surface of the thin film of ferroelectric material and the thin films of 

8 superconductive material forming a capacitor, the application of voltage across the 

9 capacitor tuning the capacitance thereof and thereby the frequency of the 
10 resonance of the circuit formed by the loop and the capacitor 141. 

1 37. A tuneable antenna in accordance with claim 38 in which the 

2 loop is a half -loop. 

1 38. A tuneable antenna In accordance with claim 39 in which the 

2 half-loop has a base portion and two leg portions disposed in an L-shape the free 

3 end of the longer leg of the L-shaped loop being connected to the capacitor. 

1 
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2 39. A tuneable electrical component comprising a thin film of 

3 ferroelectric material, the dielectric property of the ferroelectric thin film being a 

4 function of a voltage applied to the ferroelectric thin film, the ferroelectric thin film 

5 being adapted to be connected to a circuit which is to be tuned in response to the 

6 dielectric property of the thin film of ferroelectric thin film, and a plurality of thin 

7 films of superconductive material deposited on at least one surface of the 

8 ferroelectric thin film, the superconductive thin film being adapted to apply a 

9 voltage to the ferroelectric thin film to determine the dielectric property thereof. 

1 40. A tuneable electrical component in accordance with claim 41 

2 in which the plurality of thin films of superconductive material deposited on a 

3 surface of the ferroelectric thin film are thin film of high temperature 

4 superconductive material. 

1 41 . A tuneable electrical component in accordance with claim 41 

2 in which the plurality of thin films of superconductive materials are disposed 

3 spaced apart from one another on one surface of the ferroelectric thin film. 

1 42. A tuneable electrical component in accordance with claim 41 

2 in which at least one plurality of thin film of superconductive material are deposited 

3 on each of the opposite surface of the ferroelectric thin film. 
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a first electrode made of conventionally conductive material; 

a thin film of a dielectric material having a dielectric constant that varies with 
the electric field applied to said material, said thin film of dielectric material 
electrically contacting said first electrode; 

signal input means for inputting an electrical signal to said dielectric material; 

and 

electrical connecting means for connecting said first electrode to a voltage 
source for applying an electrical field to said dielectric material to determine the 
dielectric constant of said material and tune said electrical signal. 

Ma tuneable electrical device as in claim .43wherein said dielectric material 
comprises a material selected from the group consisting of barium strontium 
titanate. barium titanate, strontium titanate. lithium niobate, lead strontium titanate, 
and lead titanate. 

tuneable electrical device as in claim4^wherein said electrode comprises 

a thin film, 

^ CA tuneable electrical device as in claim4:5^and further including a second 
electrode, and wherein both of said electrodes comprise a thin film, said thin film 
of dielectric material has first and second opposing surfaces, said first electrode 
contacts said first opposing surface, and said second electrode contacts said 
-second apposing surface. 

47A tuneable electrical device as in daim4^d further comprising a variable 
voltage source electrically connected to said electrodes via said electrical 
connecting means. 

A%A tuneable electrical device as in daim 43 wherein said dielectric material 
comprises a ferroelectric material. 

45 a tuneable electrical device as in claim 4^ wherein said dielectric material 
comprises barium strontium titanate. 

5<?A tuneable electrical device as in daim49 wherein said barium strontium 
titanate comprises Ba,Sr,.^Ti03 with 0.01 < x < 0.2. 
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SUA ^ e^ca. da.ce as ,n dai.^ and -^l^^^;)^ 
at a temperature bahvean about SO K and 110 K. 

S^A tuneaMe electiical device as *, daim43 therein said temperature 
control means compnses means tor maintalrtna said IWn fflm of die-ednc matenal 
at a temperature between about 50 K and 1 10 K. , ..^ 

S3 A tuneable etectrical device as m daim4j«l«reln said tunertto electnoal 
device comprises a coplanar waveguide phase sMtar. 

5^.A tuneable electrical device as m claim43whe«in said lunaabla electnoal 
device comprises a tuneable fringe effect capatdtor. 

S5.A tuneable electrical device as in daim^wherein said tuneable electncal 

device comprises a transmission line. 

» A tuneable elecrical device as in daimSSwherem «Ud transmission line 

comprises a distributed capadtanee and .aid dielecrte oompnses at least 

a porton of said distributed ,.«,^slon»,e 
S7. A tuneable electrical device as in daim&5 wnarwn 

comprisesawaveguldeandsaiddietectricma.«iallsloca.«iwl«nsaid»«vegude. 
5? A tuneable electrical device comprising: 

a dielectric material comprising BST material t»ving the fom»ula Ba.Sr„T,0, 

with 0.01 < X < 0.2.; . , . 

signal Input means for inputting an .Metrical signal to said BST m«er«l; and 
electrical bias means for applying an el««ical Held to «dd BST mattnsi to 

detem,™ the dielectric constant of said material and tun. ..Id -edrical al^al. 
59A tuneable electrical device as in dalm5«v*««n 0.08 s xs ai2. 

6. A tuneable elecWcal device as m daim 59v*e«ln x «^ ai. 
— STAlS^le electrical device as In daim Sgand further mduding means 
lor maintaining «ld BST at a temperaaira be(«een SO K and 110 K. 

aA tuneable aleotrical device as in dalmS?*herain said electrical bias 
means co"mprisea a tt* fim of . conduding material and «id leieoric maten^ 
comprises a .Kn fflm of said BST in contact wHh said thin lilm of conducting 

material. 



51 



wo 94/13028 PCT/US93/11780 

L3. A tuneable electrical device as in* gkJ^ wherein said conducting 
material comprises a superconducting material. 

^4- A tuneable electrical device as in daim ^2^d further comprising a 
variatjte vottage source electrically connected to said thin film of conductive material. 

Q 5 A tuneable electrical device as in daimSVwherein said tuneable electrical 
device comprises a coplanar waveguide phase shifter. 

(pC^ A tuneable electrical device as in daim 9? wherein said tuneable electrical 
device comprises a tuneable fringe effect capacitor. 

67 .A tuneable electrical device as in daim SS'wherein said tuneable electrical 
device comprises a transmission line. 

tuneable electrical device as in daim CnY&ierein said transmission line 
comprises a distributed capacitance and said BST material comprises at least a 
portion of said distributed capacitance. 

6y^. A tuneable electrical device as in daim 61 wherein said transmission line 
comprises a waveguide and said BST material is located within said waveguide. 
A tuneable electrical device comprising: 
a cfielectric material; 

means for maintaining said dielectric material at a temperature between 67 

K and 110 K; 

signal input means for inputting an electrical signal to said dielectric material; 

and 

electrical bias means for applying an electrical field to said dielectric material 
to determine the dielectric constant of said material and tune said electrical signal. 

(. A tuneable electrical device as in daim '^<^ wherein said means for 
maintaining comprises means for maintaining said temperature at between 70 K and 
90 K. 

^72. A tuneable electrical device as in daim'^^^vi^erein said dielectric material 
comprises BST. 

^73 A tuneable electrical device as in daim 72wherein said dielectric material 
comprises Ba5jSr^.^Ti03 with 0.01 < x < 0.Z 

-74 A tuneable electrical device as in daim"7/? wherein said electrical bias 
means comprises first and second conducting layers and said dielectric material is 
located between said first and second conducting lay^. 
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7 ^.A tuneable electrical device as in daim and further comprising a 
variable voltage source electrically connected across said first and second 
conducting layers. 

7 c> tuneable electrical device as in dalm wherein said tuneable electrical 
device comprises a coplanar waveguide phase shifter. 

7 -7 A tuneable electrical device as in daim . -Wherein said tuneable electrical 
.device comprises a tuneable fringe effect capadtnr. 

~7 9; A tuneable electrical device as in daim . wherein said electrical device 
comprfees a transmission line. 

79a tuneable electrical device as in daim wherein said transmission line 
comprises a distributed capacitance and said BST comprises at least a portion of 
said distributed, capacitance. 

A iuTieable electrical device as in daim wherein said transmission line 

comprises a waveguide and said BST is located within said waveguide. 

*S'i.A tuneable electrical device comprising: 

first and second layers of conventibnally conductive material; 

a thin film of a dielectric material located between said first and second layers 
of conventionally conductivB material, said dielectric material having a dielectric 
constant that varies with the electric field applied to said material; 

signal input means for inputting an electrical signal to said dielectric material; 

and 

means for connecting said first and second layers of conventionally 
conductive material to a voltage source for applying an electrical field across said 
first and second layers of conducting material to detemilne the dielectric constant 
of said dielectric material and tune said electrical signal. 

^2 A tuneable electrical device as in daim wtierein one of said first and 
second lavers of conventionalfy conductive material is a thin film, 
tuneable electrical device comprising: 

a substrate: 
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first and second thin films of conventionally conductive material carried by 
said substrate; 

a thin film of a dielectric material between said first and second thin fBms of 
conventionaliy conductive material, said dielectric material having a dielectric 
constant that varies with the electric field applied to said material; 

signal input means for inputting an electrical signal to said dielectric material; 

•and 

means for connecting said first and second thin fifrns of conventionally 
conductive material to a voltage source. 

S^. A tuneable electrical device as in dalm ^3 and further comprising a 
variable voltage means connected to said means for connecting for applying an 
electrical fteld across said first and second thin fBms of conducting material to 
determine the dielectric constant of said dielectric material and tune said electrical 
signal 
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